Objective: To evaluate concurrent and longitudinal associations between psychosocial functioning and physical activity in adolescent and young adult survivors of early childhood cancer.
| BACKGROUND
Improvements in treatment for childhood cancer over the past decades have led to improvements in 5-year survival rates and late mortality among survivors. 1, 2 Maximizing quality of life and minimizing lateeffects after cancer therapy are central in promoting long-term health and development among survivors. Previous research has shown that some childhood cancer survivors are at risk for poor physical fitness and physical inactivity. [3] [4] [5] [6] [7] This is important as poor physical activity is a recognized risk factor for numerous health problems, including cardiovascular disease and osteoporosis in the general population, 8, 9 and may exacerbate late-effects of treatment among childhood cancer survivors. 10 Reports from the Childhood Cancer Survivor Study (CCSS) cohort demonstrate high rates of insufficient activity among adult survivors of childhood cancer (42%-72% in different subgroups). [11] [12] [13] Factors associated with inactivity among adult survivors of childhood cancer include female sex, Black race, older age at study, lower educational attainment, higher body mass index, smoking, depression, who had been diagnosed prior to age 4 and had parental permission Siblings who completed the Teen Health Survey (n = 96) and those who completed both the Teen Health Survey and Follow-up 4
(n = 73) were included to evaluate similarity of models between groups. Average time between surveys for siblings was 6.5 years (range 5.4-8.0). Given the small sibling sample size and that treatment variables were not applicable for siblings, we did not run multivariable models evaluating survivor status (survivor vs sibling) as a predictor.
| Measures
The Teen Health Survey consisted of the Child Health and Illness Profile-Adolescent Edition (CHIP-AE 26, 27 ), a self-report survey designed to evaluate health and quality of life. The CHIP-AE yields 6 health domains (satisfaction with health, resilience, physical and emotional discomfort, risk behaviors, school and work achievements, and health disorders 29 Validity has been supported through demonstrations of differences in outcomes between adolescents with and without chronic health conditions. 28, 30 Reliability was demonstrated by acceptable Cronbach's alphas (>.70) for all scales across multiple samples and adequate test-rest intraclass correlations (>.60) for indices of behaviors like physical activity. 29 In this study, only the physical activity index and subdomains hypothesized to be relevant to physical activity were analyzed (ie, self-esteem, emotional discomfort, family involvement, and items from the home and health safety index about TV/video time and dietary intake behaviors).
| Demographic/medical predictors
Demographic variables (age, sex, race, and parental education, used as a proxy for socioeconomic status [SES]) were obtained from the CHIP-AE. Medical treatment information, including diagnosis, age at diagnosis, and chemotherapy and cranial radiation, were abstracted from medical records for participants with a signed medical release. 23 For analytic purposes, receipt of chemotherapy, radiation, and cranial radiation were dichotomized as yes/no.
| Psychological predictors
Adolescent psychological predictors included 2 subdomains from the CHIP-AE. Self-esteem is the average of 5 items of self-concept and satisfaction with self (eg, "I have a lot of good qualities") using a 4-point scale from do not agree to completely agree. Emotional discomfort is a 14-item scale of frequency of emotional feelings and symptoms (eg, days depressed or nervous in the past 4 weeks, with response options on a 5-point scale from 15-28 days to no days). 
| Family predictors

| Adolescent diet behavior
Intake of healthy and unhealthy foods was derived as recommended in the CHIP-AE manual 27 using items from the home safety and health index. Healthy diet behaviors were averaged from 4 items measuring the frequency of fruit/vegetable, lean meat, low-fat dairy, and whole grain intake within the past 4 weeks, on a 5-point scale ranging from rarely or never to more than once a day. Unhealthy diet behaviors were averaged across 3 items measuring fast food, salty food, and sweets eaten within the past 4 weeks, responses ranging from 1 = rarely or never to 5 = more than once a day. We dichotomized healthy and unhealthy diet behaviors into average or excellent (>3 for healthy, ≤3 for unhealthy) or poor (≤3 for healthy, >3 for unhealthy) categories.
| Physical activity outcomes 2.7.1 | Adolescent physical activity
The self-reported physical activity index of the CHIP-AE is the average score across 4 items about activity during the past 4 weeks (ie, number of days exercised for 20 minutes or more, number of sit-ups, distance walked without resting or getting tired, and distance ran) and 1 item about frequency of sports team involvement in the past year (never, once or twice, and several times). Per the manual, 27 standard scores were used and we dichotomized the primary outcome as poor (score < 17) vs average/excellent (score ≥ 17).
| Young adult physical activity
Young adults reported the number of days per week and minutes per day they completed vigorous (eg, running) and moderate physical activities (eg, brisk walking) using 6 items in Follow-up 4. Total minutes were used to determine if young adults met Centers for Disease Control (CDC) established recommendations for physical activity (ie, ≥150 weekly minutes of moderate or ≥75 weekly minutes of vigorous aerobic activity).
| Statistical analyses
Descriptive statistics were calculated for survivor and sibling characteristics. Bivariate associations between predictors, covariates (ie, demographic and medical factors), and outcomes (either adolescent or young adult physical activity) were examined ( Table S1 ). Variables that were significantly associated with these outcomes in univariate logistic regression analyses or variables that were determined a priori to be important (eg, sex) were included in the preliminary multivariable logistic regression models; subsets of these candidate variables were selected for final models by assessing goodness of fit and parsimony using Akaike Information Criterion. Multivariable logistic regression models were generated to evaluate associations between demographic/medical, psychological, family, and behavioral factors
and (1) 3 | RESULTS
| Participant characteristics
Survivor and sibling demographic and treatment characteristics are provided in Table 1 
| Adolescent predictors and physical activity
Descriptive statistics for adolescent predictors and odds of poor outcomes (Table S2) showed no significant differences between survivors and siblings except for a trend for lower frequency of healthy foods in diet, such as fruits and vegetables, in survivors (P = .07 Table S3 ).
| Young adult physical activity
Ninety-eight survivors (40.8%) reported not meeting CDC recommendations for physical activity at Follow-up 4. In multivariable analyses, 
| DISCUSSION
In this longitudinal study of survivors of childhood cancer, we found inadequate levels of physical activity in 46% of adolescent survivors and 41% of young adult survivors, similar to previous cross-sectional reports of insufficient activity among child, adolescent, and young adult survivors of childhood cancer. 15, 32, 33 This study found demographic and medical predictors (ie, female sex, lower parental education, and cranial radiation) that can be used to identify adolescent childhood cancer survivors at risk of poor physical activity and potentially modifiable behavioral targets (TV/video time and healthy diet behaviors) for intervention.
Of particular interest was the opportunity to examine changes in physical activity over time. Nearly one quarter of this childhood cancer survivor sample remained insufficiently active as they aged. Previous data from the CCSS indicate female sex, lower educational attainment, higher body mass index, and chronic musculoskeletal conditions are associated with declining physical activity levels during adulthood. In contrast to previous work, 15 there were no significant associations between positive family involvement and concurrent or future physical activity. Based on a social-ecological framework, we expected adolescent health behaviors to be influenced by family members. 39 However, our measure was not specific to family support for physical activity, which may be more proximally related to activity levels than general family support.
The associations between female sex, low SES, and low physical activity in adolescence were consistent with previous work in healthy adolescents. 40 The pattern of results for demographic factors was similar but not significant in our small sibling sample, suggesting that many of the risk factors associated with insufficient physical activity are not specific to cancer survivors but relevant to adolescents from families affected by early childhood cancer.
| Limitations
Despite being one of the first studies to examine associations between childhood cancer survivors' self-reported psychological functioning during adolescence and future physical activity as young adults, this study had limitations. First, this sample of childhood cancer survivors is relatively small with a limited age range at diagnosis (0 to 3 
